Background: Non-insulin dependent diabetic patients frequently suffer from fatigue symptoms that result from chronic systemic inflammation. Aerobic exercise was proved to modulate systemic inflammation. Objective: This study was an attempt to measure the impact of aerobic exercises on fatigue symptoms related to systemic inflammation in obese patients with type 2 diabetes. Methods: Eighty obese patients with type 2 diabetes participated in the present study, their age ranged from 40-58 years and their BMI ranged from 31-36 kg/m 2 and were assigned to two subgroups; group (A) received aerobic exercise training for 12 weeks and group (B) received no exercise training for 3 months. Measurements of fatigue symptoms and markers of systemic inflammation were assessed before and at the end of the study for all participants in both groups.
Introduction
Patients with type 2 diabetes commonly experience fatigue, which may be incapacitating and adversely affect self-care regimens 1 which increases the risk of other diabetic complication along with its adverse affection on diabetic patient quality of life 2, 3 . Most people with insulin-resistant type 2 diabetes are either overweight or obese 4 . Increased levels of pro-inflammatory cytokines (as seen in obese individuals) may be significant factors in fatigue levels 5 . Fatigue is a perplexing problem for healthcare providers as fatigue is challenging to diagnose and treat. Fatigue in patients with type 2 diabetes 6 .
Increased levels of circulating inflammatory markers were found to be significantly more prominent in patients with type 2 diabetes [7] [8] [9] [10] . Systemic inflammation in type 2 diabetes is believed to originate, at least partially, from the adipose tissue [11] [12] [13] [14] . The ability of pro-inflammatory cytokines (e.g., interleukin -6 (IL-6), tumor necrosis factor-alpha (TNF)-α) to act on the brain and to induce behavioral symptoms, including fatigue, is well documented in both experimental and clinical studies 15 . However; aerobic exercises inhibit the production of inflammatory cytokines 16 .
Data from observational studies suggest that low levels of physical activity are associated with higher levels of fatigue in patients with type 2 diabetes itive effects of regular physical activity on alleviating symptoms of fatigue 19, 20 .
There is a considerable gap in the literature, however, about the treatment of fatigue secondary to type 2 diabetes. Anti-inflammatory therapies may ameliorate fatigue with type 2 diabetes. While there have been no clinical trials of the effects of an exercise intervention on fatigue symptoms in type 2 diabetes, results from exercise trials in both healthy and diverse disease populations have shown that regular exercise may be an effective strategy for decreasing fatigue. Thus, our study was an attempt to assess the effects of aerobic exercise upon fatigue symptoms associated with markers of systemic inflammation in obese patients with type 2 diabetes.
Patients and methods Subjects
Eighty obese patients with type 2 diabetes were enrolled in this study; their age ranged from 40-58 years and their BMI ranged from 31-36 kg/m 2 and were selected from the Internal Medicine Department at King Abdul Aziz University hospital and other hospitals at Jeddah area. Exclusion criteria included major depressive disorder, endocrine disorders, smokers, chronic inflammatory medical conditions, patients managed with psychiatric medications. Participants were included two groups; group (A) received treadmill aerobic exercise training on treadmill and group (B) received no exercise training. All participants signed the informed consent.
Measurements
A. Anti-inflammatory cytokines assessment: Venous blood samples were drained from the antecubital vein after a 12-h fasting, the blood samples were centrifuged at + 4 °C (1000 = g for 10 min). Interleukin-6 levels were analyzed by "Immulite 2000" immunassay analyzer (Siemens Healthcare Diagnostics, Deerfield, USA). However, TNF-α and interleukin-8 (IL-8) levels were assessed by ELISA kits (ELX 50) in addition to ELISA microplate reader (ELX 808; BioTek Instruments, USA). All analyses were done by Hitachi 7170 Autoanalyser (Tokyo, Japan) and kits (Randox). B. Fatigue Assessment: Fatigue was measured by completion of the Multidimensional Fatigue Inventory (MFI). The MFI was used to capture five distinct dimensions of fatigue experienced ''lately'', including: general fatigue, physical fatigue, mental fatigue, and perceptions of reduced motivation and reduced activity. In each of the five subscales, scores range from 4 to 20, with higher scores indicating greater fatigue. In order to minimize confounding factors imposed by diurnal variation, this questionnaire was completed on the morning of the blood draw. Internal consistency for the MFI subscales was good (a = 0.82), suggesting the five domains adequately reflect a single construct 21 .
All measurements of TNF-α, Il-6, IL-8 and MFI were done at the beginning of the study and repeated after 3 months at the end of the study.
Procedures
Following the previous evaluation , all patients were divided randomly into the following groups: 1. Group (A) participated in a treadmill aerobic exercise which was conducted according to recommendations of aerobic exercise application approved by the American College of Sports Medicine 22 .Training program included 5 minutes for warming up in the form of range motion and stretching exercises, 10-30 minutes of aerobic exercise training (60-70% of maximum heart rate) and 10 minutes of cooling down (on treadmill with low speed and without inclination). Participants had 3 sessions /week for 3 months with close supervision of a physical therapist.
Group (B) received no exercise training.

Statistical analysis
The mean values of the investigated parameters obtained before and after three months in both groups were compared using paired "t" test. Independent "t" test was used for the comparison between the two groups (P<0.05).
Results
Eighty obese patients with type 2 diabetes (44 men and 36 women) were enrolled in this study, there were no significant differences in age, body mass index, hip circumference, waist circumference, waist hip ratio, HbA1C, diabetes duration, systolic blood pressure and diastolic blood pressure between both groups (table 1) . Moreover, there were significant differences between both groups at the end of the study (table 4) . 
Discussion
Diabetes mellitus is a major public health problem that affects approximately 6% of the world's adult population 23 . Fatigue represents a common complaint of patients with diabetes as it can be reported in up to 60% of patients 24 . This symptom not only impacts the patient's quality of life and compliance to treatment, but it is also associated with an increased risk of diabetic complications 25 . Significant associations were found between fatigue symptom dimensions and circulating levels of inflammatory markers in obese patients with type 2 diabetes, suggesting the involvement of inflammatory processes in the development of type 2 diabetes-related fatigue 26 .
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To our knowledge, this is the first study addressing fatigue symptoms associated with markers of systemic inflammation parameters of obese patients with type 2 diabetes after 12 weeks of concurrent training. We observed reduction of markers of systemic inflammation and fatigue symptoms. The results of our study agreed with several previous studies suggesting 12-weeks aerobic exercise training program promotes the modulation of systemic inflammation and fatigue symptoms of obese patients with type 2 diabetes [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] . Rosety-Rodriguez and colleagues conducted a 12-week arm cranking exercise program for spinal cord injury patients at a moderate work intensity of 50% to 65% of heart rate reserve for of 3 sessions per week . Their results proved that arm cranking exercise improved lowgrade systemic inflammation by decreasing plasma levels of inflammatory cytokines Learmonth and colleagues conducted a pilot study to determine whether a 15-minute bout of moderate-intensity aerobic cycling exercise would affect symptoms (pain and fatigue) and function (Timed 25-Foot Walk test and Timed Up and Go test) in people with multiple sclerosis (MS) or chronic fatigue syndrome (CFS), their results suggest that people with MS or CFS may undertake 15 minutes of cycling as moderate aerobic exercise with no expected negative impact on pain, fatigue or function 31 . Sangelaji and colleagues conducted a randomized controlled clinical trial on 59 multiple sclerosis patients who received 10 weeks of combination therapy including aerobic, strengthening, balancing and stretching exercises. Exercise had significant effect on improving balance, fatigue and quality of life in multiple sclerosis patients 32 . Maniam and colleagues conducted an exercise program for hemodialysis patients, three times a week for 12 weeks and concluded that low-to-moderate-intensity exercise is effective for improving fatigue, sleep disorders and the overall quality of life among hemodialysis patients 33 .
Smith and colleagues conducted a study on sixty subjects who completed a 12-week supervised exercise program and concluded that supervised aerobic exercise training safely decreases fatigue, weight, BMI, subcutaneous fat and abdominal girth (central fat) in HIV-1-infected individuals 34 . Yang and colleagues proved that a mild to moderate-intensity aerobic exercise program for six weeks reduces the fatigue of Taiwanese women with breast cancer undergoing radiotherapy 35 . Durcan and colleagues conducted a 12-week exercise training program on forty rheumatoid arthritis patients. They concluded that exercise program resulted in significant improvement in sleep quality and fatigue 36 . Taso and colleagues proved that an eight week yoga exercise program developed in this study effectively reduced fatigue in 60 patients with breast cancer but did not reduce depression or anxiety 37 . The physiological mechanisms underlying these effects were not elucidated; however, both cancer and type 2 diabetes are associated with higher levels of inflammatory cytokines and exercise may have anti-inflammatory properties 38, 39 .
The new finding in our study is that a program of aerobic exercise training with an intensity 60-70% of maximum heart rate for three months can improve symptoms of fatigue related to inflammatory cytokines in obese patients with type 2 diabetes.
Conclusion
The current study proved that treadmill walking exercise training is an effective treatment policy to improve symptoms of fatigue related to inflammatory cytokines in obese patients with type 2 diabetes.
